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Nettle (Urtica dioica L.) is a herbaceous perennial that has been used for centuries in folk
medicine. More recently, nettle extracts have also been used in cosmetics because of the
many beneﬁts of their topical application for skin health. Their potential anti-aging action is
of particular interest and is primarily ascribed to their antioxidant capacity. Here, using an
experimental design approach and a clustering analysis, we linked the phytochemical
composition of nettle extracts to their biological activities. This approach conﬁrmed the
antioxidant capacity of nettle extracts as well as providing the ﬁrst evidence of another
mechanism for their anti-aging potential involving the inhibition of enzyme activities, such
as elastase and collagenase. We attributed these inhibitory effects to ursolic acid and
quercetin present in the nettle extracts. Our results also demonstrated the possibility of
extracting ursolic acid, quercetin and other phenolic compounds differentially to obtain an
extract with a strong antioxidant capacity and anti-aging activities toward both elastase and
collagenase. This could be of particular interest for cosmetic applications of nettle extracts.
© 2016 Académie des sciences. Published by Elsevier Masson SAS. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)..
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L'ortie (Urtica dioica L.) est une plante herbacee vivace utilisee depuis des siecles en
medecine traditionnelle. Plus recemment, les extraits d'ortie ont ete egalement utilises
dans des produits cosmetiques en raison des nombreux effets beneﬁques de leurs ap-
plications topiques sur la sante de la peau. En particulier, leur potentielle action anti-a^ge
presente un fort intere^t et a ete essentiellement attribuee a leur fort pouvoir antioxydant.
Dans cette etude, en utilisant un plan d'experience et une analyse hierarchisee, nous
avons connecte la composition phytochimique d'extraits d'ortie a leurs activites bio-
logiques. Cette approche nous a permis de conﬁrmer la capacite antioxydante des
extraits d'ortie, mais aussi de proposer la premiere preuve d'un autre mecanisme de leur
potentiel anti-a^ge impliquant l'inhibition d'activites enzymatiques. En effet, nos travaux
montrent que ce second mecanisme implique l'inhibition d'enzymes de degradation de
la matrice extracellulaire telles que l'elastase et de la collagenase, et ces effets inhibiteurs
ont ete attribuables principalement a l'acide ursolique et la quercetine presents dans les
extraits d'ortie. Nos resultats ont egalement mis en evidence la possibilite d'extraire de
maniere differentielle l'acide ursolique, la quercetine et d'autres composes phenoliques
pour obtenir un extrait avec une forte capacite antioxydante et une activite anti-a^ge au
travers de l'inhibition a la fois de l'elastase et de la collagenase, ce qui pourrait e^tre d'un
intere^t particulier pour les applications cosmetiques des extraits d'ortie.
© 2016 Académie des sciences. Published by Elsevier Masson SAS. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).1. Introduction
Nettle (Urtica dioica L.) is a widespread wild plant that is
also cultivated for speciﬁc uses. This herbaceous perennial
belonging to the Urticaceae family is very common in
temperate climate regions. Its genus name is derived from
the Latin urere, which means to sting, and more precisely
from uro, meaning to burn by friction. Its bright, dark green
and serrated leaves as well as its stem are covered with
erect glandular hairs containing formic acid and histamine,
which are responsible for these unpleasant effects. This
plant has been used for centuries in folk medicine to cure a
wide range of diseases or disorders such as arthritis,
rheumatism and eczema [1]. A more recent use of polar
extracts from nettle roots is the treatment of benign pros-
tatic hyperplasia [2] while its foliar extracts display potent
anti-inﬂammatory action [3]. Nettle extracts are also used
in cosmetics and their topical application presents many
beneﬁts for skin health (anti-inﬂammatory and anti-
swelling, for example). Nettle is also a common compo-
nent of shampoo. However, one of the most interesting
actions of nettle extracts for cosmetic applications results
from their antioxidant and anti-aging properties. Nettle
accumulates a number of reactive oxygen species scaven-
gers, which can reduce free radical damage to the skin and
therefore has anti-aging effects [4e6]. To date, the mole-
cule(s) responsible for this action and its rationale are
largely unknown. Besides the antioxidant action, anti-aging
activity could also be due to the inhibition of degrading
enzymes, such as elastase or collagenase, whose actions
result in a loss of skin elasticity leading to wrinkles [7].
Among themolecules present in nettle extracts, ursolic acid
and quercetin [5,6] are the most interesting for the devel-
opment of anti-aging action. Ursolic acid, which mainly
accumulated in nettle roots, is a well-known elastase in-
hibitor [8] whereas quercetin, which mainly accumulatedin the leaves, is one of the most prominent antioxidants [9].
However, the antioxidant action of quercetin is not simple,
and its pro-oxidant activity in certain circumstances is
widely documented in the literature [10,11]. The pro-
oxidant state of quercetin may provide insights into its
apparent in vitro mutagenicity [12]. Because of these side
effects, quercetin is no longer used in cosmetics. Here, a
factorial design approach was used to produce extracts
with contrasting concentrations of ursolic acid and quer-
cetin. Their corresponding antioxidant and anti-aging
(anti-collagenase and anti-elastase) actions were evalu-
ated. Coupled with a hierarchical clustering analysis, this
approach enabled a role to be ascribed to ursolic acid and
quercetin and a mechanism for the anti-aging action of
nettle extracts to be proposed.
2. Materials and methods
2.1. Plant material
Urtica dioica L. seeds were obtained from Nova-Flore
and the plantlets resulting from seedlings were cultivated
in a phytotronic room at 25 C under a 16-h photoperiod
(30 mmol m2 s1 photosynthetically active radiation).
Three-month-old whole plants were collected and lyophi-
lized prior to extraction.
2.2. Chemicals and reagents
All extraction solvents (water, ethanol, and acetonitrile)
used in the present studywere of analytical grade andwere
obtained from Thermo Scientiﬁc. Ursolic acid and quercetin
standards were from Sigma-Aldrich. All reagents for the
determination of total phenolic compounds, antioxidant
activity, and collagenase and elastase activity were from
Sigma-Aldrich.
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The sample (500 mg of whole plant lyophilized powder)
was suspended in 20 mL of an extraction solvent and ho-
mogenized using a blender (Ultraturrax, T25 basic) for
1 min at 19,000 rpm. Addition of 1 M of hydrochloric acid
was used to hydrolyze the glycosidic bonds in order to
simplify chromatogram analysis. Extraction duration,
temperature and ethanol concentration were selected as
variables to obtain nettle extracts with contrasting con-
centrations of ursolic acid, quercetin and other phenolic
compounds. These 3 independent variables were coded at 3
levels (Table 1) and 27 batches were prepared using a 33 full
factorial experimental approach (Table 2).
2.4. HPLC and LCeMS analysis
Ursolic acid and quercetin were determined using a
Varian HPLC system equipped with an online degasser
(Metachem Degasit), an autosampler (Prostar 410) and a
photodiode array detector (PDA, Prostar 335). The separa-
tion was performed at 35 C on an RP-18 column
(250  4.0 mm id, 5 mm; Purospher Merck). The mobile
phase was composed of acetonitrile (solvent A) and 0.1% (v/
v) formic acid acidiﬁed ultrapure water (solvent B). The
composition of themobile phase varied during a 1-hour run
according to a linear gradient ranging from a 5:95 (v/v) to
100:0 (v/v) mixture of solvents A and B, respectively, at a
ﬂow rate of 0.6ml/min. Detectionwas performed at 210 and
254 nm. Ursolic acid and quercetin were identiﬁed by
comparison with authentic standards, standard additions
and LCeMS analysis performed on a Water 2695 Alliance
coupled with a single quadrupole mass spectrometer ZQ.
LC-ESI-MS data were collected in the positive and negative
modes. Data acquisition and processing were performed
with MassLynx 4.0 software. Ursolic acid and quercetin
were quantiﬁed against 5-point calibration curves (Table 3).
2.5. Chromatographic validation
The HPLC separation was validated for intraday and
interday precision, repeatability and accuracy. The linear
correlations between peak area and standard concentra-
tions were found to be high, in the range of 50 to 1,000 ng/
mL for DPT. The resulting linear equation and R2-value for a
5-point calibration graph was >0.999, and the slope of ﬁve
replicates of the calibration graph covering the analytical
range for the ursolic acid and quercetin standards varied no
more than 1% in terms of RSD over a period of four weeks.
The LOD (signal/noise¼ 3) and LOQ (signal/noise¼ 10)
were also determined. The RSDs of retention times duringTable 1
Validation parameters of the HPLC method developed for quantiﬁcation of ursol
Regression equation R2 Linear range LOD (ng) L
Ursolic acid Y ¼ 0.213x ± 0.1107 0.998 50e1000 1.15 3
Quercetin y ¼ 0.1126x ± 2.1546 0.999 50e1000 0.42 1
Values are the mean and RSDs of 5 replicates.the validation procedure were satisfactory (less than
0.65%). The precisionwas evaluated by ﬁve injections of the
same sample on the same day (intraday variation) and on 5
consecutive days (interday variation). Repeatability was
evaluated by applying the whole extraction procedure
three times to the same batch of material. The recovery was
determined by standard addition at 4 chosen levels (0 ng,
10 ng, 50 ng and 100 ng added to aliquots of the same
extract) and the resulting percentage recovery was deter-
mined following the whole extraction process.
2.6. Determination of the total content of phenolic
compounds
The total phenolic content was determined using the
Folin-Ciocalteu (Sigma) reagent as described in [13]. All
measurements were carried out in triplicate. Gallic acid
(Sigma) was the standard for the calibration curve, and the
total phenolic contents were expressed as mg gallic acid
equivalents per 100 g of DW.
2.7. Antioxidant activities
The antioxidant capacity of each nettle extract was
determined by the ferric reducing/antioxidant power
(FRAP) and the cupric reducing antioxidant capacity
(CUPRAC) methods as described in [14] and [15] respec-
tively. All measurements were performed in triplicate and
the antioxidant capacity of each extract was expressed in
Trolox C equivalent antioxidant capacity (TEAC) measured
with a standard 1 mM concentration of Trolox C.
2.8. Collagenase assay
Clostridium histolyticum collagenase (Sigma) was used
for this assay and collagenase activity was estimated
spectrophotometrically using N-[3-(2-furyl)acryloyl]-Leu-
Gly-Pro-Ala (FALGPA; Sigma) as the substrate and following
the decrease in absorbance of FALGPA at 335 nm for 20 min.
Each measurement was carried out in triplicate and the
assay was performed according to the protocol described in
[7]. The anti-collagenase activity was expressed as an in-
hibition percentage relative to the corresponding control
(addition of the same volume of the extraction solvent) for
each extract or as the IC50 value for ursolic acid and quer-
cetin standards using ED50plus v1.0 software.
2.9. Elastase assay
Porcine pancreatic elastase (Sigma) was used for this
assay and the elastase activity was estimatedic acid and quercetin in nettle extracts.
OQ (ng) Precision (%RSD) Repeatability (%RSD) Recovery (%)
Intraday Interday
.84 0.48 0.94 3.51 103.7
.38 1.24 2.64 2.70 94.3
Table 3
Measured experimental values determined for individual design points.
Batch #
Extraction conditions a Phytochemicals b
X1 X2 X3 Ursolic acid QuercetinPhe
1 -1 -1 -1 5.00 35.58 86
2 -1 -1 0 3.76 33.67 36
3 -1 -1 1 0.28 2.30 27
4 -1 0 -1 4.13 28.06 28
5 -1 0 0 3.81 27.23 41
6 -1 0 1 1.98 7.83 31
7 -1 1 -1 14.38 17.64 21
8 -1 1 0 14.02 11.27 37
9 -1 1 1 2.93 12.68 36
10 0 -1 -1 3.19 22.20 22
11 0 -1 0 2.43 29.42 46
12 0 -1 1 0.99 3.57 26
13 0 0 -1 5.21 30.55 21
14 0 0 0 4.47 25.26 48
15 0 0 1 1.53 7.06 30
16 0 1 -1 25.40 2.87 16
17 0 1 0 27.74 11.20 42
18 0 1 1 3.80 11.97 40
19 1 -1 -1 3.15 21.85 11
20 1 -1 0 3.25 27.81 45
21 1 -1 1 2.32 5.81 28
22 1 0 -1 7.79 21.87 17
23 1 0 0 3.56 15.44 42
24 1 0 1 1.82 10.98 29
25 1 1 -1 20.34 0.47 12
26 1 1 0 32.41 6.99 39
27 1 1 1 5.55 10.33 35
a Extraction conditions: see Table 1 for values; b Phytoch
for phenolic compound content given in mg/g of gallic a
% of inhibition relative to the control (extraction solvent);
C equivalent antioxidant capacity). Values presented are m
Table 2
Coded levels and experimental values of the 3 independent variables.
Independent variables Code units Coded variable levels
1 0 þ1
Time (min) X1 30 90 120
Temperature (C) X2 25 45 65
EtOH (% v/v) X3 50 75 100
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anilide (AAAVPN; Sigma) as the substrate and following the
release of p-nitroaniline at 410 nm. Each measurement was
carried out in triplicate and the assay was performed ac-
cording to the protocol described in [7]. The anti-elastase
activity was expressed as percentage inhibition relative to
the corresponding control (addition of the same volume of
extraction solvent) for each extract or as the IC50 value forAnti-aging activities c Antioxidant activities d
nolics Collagenase Elastase CUPRAC FRAP
.90 16.23 12.75 0.58 0.27
7.74 14.97 11.38 1.95 0.53
8.10 1.03 0.80 1.37 0.57
3.14 12.87 10.19 1.40 0.47
0.07 12.42 9.75 2.17 0.60
7.96 3.92 3.42 1.57 0.60
7.74 12.81 14.65 1.16 0.31
2.55 10.12 12.74 1.98 0.54
2.04 6.24 5.35 1.85 0.69
5.77 10.15 8.00 1.20 0.38
4.45 12.74 9.35 2.22 0.58
5.40 1.83 1.62 1.33 0.55
5.77 14.30 11.59 0.77 0.27
2.34 11.89 9.70 2.71 0.57
4.23 3.43 2.90 1.57 0.61
2.92 11.31 18.53 0.61 0.18
8.66 15.57 22.33 2.37 0.43
9.85 6.31 5.77 1.96 0.70
6.93 10.00 7.88 0.53 0.19
6.57 12.42 9.50 2.45 0.44
7.88 3.25 3.13 1.28 0.57
8.18 11.87 11.14 0.70 0.22
7.88 7.60 6.51 2.26 0.63
0.80 5.12 4.13 1.41 0.61
7.52 8.32 14.36 0.56 0.15
6.57 15.76 24.51 2.16 0.41
6.93 6.35 6.57 1.69 0.73
emical concentrations are given in µg/g DW except 
cid equivalent; Anti-aging activities are given inc
 d
eans of 3 independent replicates.
Antioxidant activities are given in TEAC (Trolox
C. Bourgeois et al. / C. R. Chimie 19 (2016) 1090e11001094ursolic acid and quercetin standards using ED50plus v1.0
software.
2.10. Statistical analysis
For the 33 full factorial experimental approach, the
experiments were carried out in triplicate and the
response at each design point was recorded. Data were
then subjected to regression analysis using least-square
regression methodology to obtain the parameters of the
mathematical model. Student's t-test was used to check
the statistical signiﬁcance of the regression coefﬁcients
derived from the model. Analysis of variance (ANOVA) was
then applied to evaluate the statistical signiﬁcance of the
proposed model. Surface plots of the response as a func-
tion of the independent variables were obtained using the
ﬁtted model. All data are expressed as the mean and the
standard deviation of at least 3 independent experiments.
Comparative statistical analysis of groups was performed
using ANOVA performed by the DOE (design of experi-
ments) analysis of the XL-STAT software. Hierarchical
clustering analysis was performed using MeV 4.4 software
using the Pearson correlation and following log2 trans-
formation of the data.
3. Results and discussion
3.1. HPLC method validation
The presence of ursolic acid in nettle root extracts and
quercetin in leaf extracts has been described previously
[5,6,16]. An HPLC method was developed to determine
ursolic acid (Fig. 1B) and quercetin (Fig. 1B) simultaneously
in nettle extracts (Fig. 1A). The separation conditions used
were adapted from a UPLC method developed to quantify
quercetin and betulinic acid, a more hydrophilic derivative
of ursolic acid, in Disporopsis pernyi extracts [17]. Ursolic
acid and quercetinwere separated on a C18-grafted reverse
phase column using an HPLC linear gradient composed of a
mixture of acetonitrile and 0.1% (v/v) formic acid acidiﬁed
water, ranging from 5% to 100% acetonitrile during a one-
hour run at a ﬂow rate of 0.6 ml per minute. A typical
HPLC chromatogram (with detection set at 254 nm) of a
nettle whole plant extract showing the separation of these
compounds is presented in Fig. 1C. Addition of standards as
well as LCeMS analysis (m/z 455 [MH] for ursolic acid
and m/z 301 [MH] for quercetin) conﬁrmed their
respective identities. Here, besides the conﬁrmation of the
presence of these molecules in nettle, our results also evi-
denced the possibility of their simultaneous extraction
from the whole plant.
To ensure precision and accuracy, this separation
method was validated and the results are presented in
Table 1. A good linearity of the calibration curves of the
peak areas (y) against the injected quantities (x) over the
analyzed range (50e1000 ng) was observed for ursolic acid
(210 nm) and quercetin (254 nm). The limits of detection
(LOD) and quantiﬁcation (LOQ) were as low as 1.15 ng and
3.84 ng for ursolic acid, and 0.42 ng and 1.38 ng for
quercetin, respectively. The HPLC method was suitable in
terms of both intraday and interday precision andrepeatability as indicated by the small variations measured
for the corresponding relative standard deviations (RSDs),
ranging from 0.48% to 2.64% for the intraday and interday
variations and less than 3.51% for repeatability (Table 1).
These low variations conﬁrmed the adequate precision of
the method developed. The recovery rates, using 3 levels
of chosen additions, of between 94.3% for quercetin and
103.7% for ursolic acid indicated the good accuracy of the
method. Taken together, these results demonstrated that
this HPLC procedure is well suited to the simultaneous
determination of ursolic acid and quercetin contents in
nettle extracts.
3.2. Generation of nettle extracts with contrasting
concentrations of ursolic acid, quercetin and phenolic acids
The second objective of this study was to develop a
versatile and fast extraction system to generate batches of
whole plant extracts from nettle with very contrasting
ursolic acid and quercetin contents. For this purpose, a
factorial experimental design approach was used to
generate these extracts with a simple method, maceration.
It is well established that extraction efﬁciency can be
inﬂuenced by multiple parameters such as the duration,
temperature or polarity of the solvent. These three pa-
rameters were evaluated logically: extraction time (coded
as X1, with experimental values ranging from 30 to
90 min), extraction temperature (coded as X2, with
experimental values ranging from 25 to 65 C) and ethanol
percentage (X3, with experimental values ranging from 50
to 100% (v/v) in a mixture with water). The coded and
experimental values of these 3 independent variables are
presented in Table 2. The choice of solvent is generally
based on the polarity of the target molecule to be extrac-
ted and that of undesirable compounds, its extraction ef-
ﬁciency and also cost and safety requirements [18]. In our
work, ethanol mixed with water was chosen as the
extraction solvent for its low toxicity and ease of removal
under reduced pressure. It is also a classic solvent for the
extraction of natural compounds with a wide range of
polarity; for example, addition of water in ethanol is
known to be a simple way to increase the extraction of
more polar compounds [18]. Following the determination
of the experimental values of the ursolic acid, quercetin
and phenolic compound contents, multiple regression led
to the corresponding second order polynomial equation
corresponding to the extraction yield as a function of the 3
independent variables studied (Supplementary Table 1).
The quality of the ﬁt of the 3 predictive models was
satisfactory as indicated by the coefﬁcient of determina-
tion values ranging from 0.817 to 0.884 and p-values al-
ways lower than 0.0001 for the ANOVA (Supplementary
Tables 1 and 2). According to the values measured and
the response surface plots, ethanol concentration
appeared to be the most critical parameter for the
extraction of each compound (Table 3, Fig. 2). High EtOH
concentration signiﬁcantly favored the extraction yield of
phenolic compounds whereas it resulted in a signiﬁcant
decrease in the extraction yield of both quercetin and
ursolic acid (Supplementary Table 1). The extraction tem-
perature also appeared to affect the extraction yields
Fig. 1. A. Three-month old nettle plant growing under greenhouse conditions. B. Ursolic acid and quercetin structures. C. Typical chromatogram of a nettle extract
showing the presence of ursolic acid and quercetin (detection at 254 nm).
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Fig. 2. Response surface plots for the effects of extraction time, temperature and ethanol concentration on ursolic acid, quercetin and total phenolic compound
contents in nettle extracts.
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ursolic acid content but hindered quercetin extraction
(Supplementary Table 1). In our hands, the best yields
were obtained following a 90-min extraction with 75% (v/
v) EtOH at 65 C for ursolic acid, a 30-min extraction with
50% (v/v) EtOH at 25 C for quercetin and a 45-min
extraction with 75% (v/v) EtOH at 45 C for phenolic
compounds. The batches resulting from the experimental
design presented contrasting concentrations of ursolic acid
(from 0.28 to 32.41 mg per 100 g DW), quercetin (from
0.47 to 35.58 mg per 100 g DW) and total phenoliccompounds (from 86.90 to 482.34 mg per 100 g DW of
gallic acid equivalent).3.3. Antioxidant and anti-aging activities of nettle extracts
The next stage consisted of i) evaluating the antioxidant
and anti-aging activities of these extracts and ii) con-
structing predictivemodels for these activities (Fig. 3 and 4)
in order to establish correlations between these biological
activities and the phytochemical composition of the nettle
Fig. 3. Response surface plots for the effects of extraction time, temperature and ethanol concentration on the antioxidant capacity of the nettle extracts
determined using the FRAP and CUPRAC assays.
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cetin and phenolic acids (Fig. 5).
3.3.1. Antioxidant capacities
The antioxidant capacity of the extracts given by the
CUPRAC and FRAP assays revealed a strong antioxidant
activity of some batches ranging from 0.53 (batch 19) to
2.71 (batch 14) Trolox C equivalent antioxidant capacity
(TEAC) using the CUPRAC assay and from 0.15 to 0.73 TEAC
using the FRAP assay (Table 3).
The difference observed in the TEAC determined by
FRAP and CUPRAC assays could be explained by the phys-
icochemical nature of the antioxidant evidenced by these
two tests. The FRAP method is used to evaluate the anti-
oxidant activity of hydrophilic substances whereas CUPRAC
is applied to both lipophilic and hydrophilic antioxidants
[19]. Here, our results indicated that the main contributors
to this antioxidant activity were primarily hydrophilic
substances.
Considering that the present extracts constituted a
complex mixture of anti- and pro-oxidant compounds,
compared to the standard Trolox C, the measured antioxi-
dant capacities revealed the presence of at least one strong
antioxidant molecule in the nettle extracts. The predictive
models for the antioxidant capacity of nettle extracts were
statistically signiﬁcant for both FRAP and CUPRAC assays(Supplementary Tables 1 and 2). The resulting response
surface plots revealed a strong correlation between the
antioxidant activities and the phenolic acid concentrations
of the extracts (Fig. 3, Supplementary Table 1). The hierar-
chical clustering analysis (HCA) conﬁrmed this observation
and indicated that quercetin was not the main contributor
to the antioxidant activity of nettle extracts (Fig. 5). The
antioxidant action of quercetin is not simple, and its pro-
oxidant activity in certain circumstances is widely docu-
mented in the literature [10,11]. The presence of other
phenolic compounds in the nettle extracts may be impor-
tant to stabilize the antioxidant action of quercetin. This
observation appeared in good agreement with published
results indicating the presence of other potential antioxi-
dant compounds such as ﬂavonoids (kaempferol de-
rivatives, for example) or lignans (secoisolariciresinol, for
example) in nettle extracts [6,16].3.3.2. Anti-aging activities
The anti-aging action of these extracts was evaluated by
their ability to inhibit elastase and collagenase activities
because these enzymes cause the degradation of the
extracellular matrix proteins in the dermis, resulting in skin
alterations such as deep wrinkles, loss of skin tonus and
resilience [7]. The inhibitory effect of each extract on
Fig. 4. Response surface plots for the effects of extraction time, temperature and ethanol concentration on the anti-aging activity of the nettle extracts based on
their inhibitory action on elastase and collagenase activities.
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The inhibitory potentials were up to 16.23% for collagenase
inhibition (batch 1, Table 3) and up to 24.51% for elastase
inhibition (batch 26, Table 3). The deduced anti-aging
models predicting the inhibitory effect of each extract on
collagenase and elastase activities were conﬁdent and
statistically signiﬁcant (Supplementary Tables 1 and 2).
Interestingly, these models indicated that the less polar
substances (better extracted with pure EtOH) were not
responsible for these inhibitory effects, as conﬁrmed by the
response surface plots (Fig. 4). As for ursolic acid extraction,
a positive impact of higher extraction temperature was also
noted for elastase inhibitory action (Fig. 4, Supplementary
Table 1). A strong positive correlation between elastase
inhibition and the ursolic acid content of the extract was
observed and conﬁrmed by the HCA (Fig. 5). In the same
way, a positive correlation between collagenase inhibition
and the quercetin content of the corresponding nettle ex-
tracts was observed (Fig. 5). Nevertheless, we also noted
that the presence of ursolic acid alone could be important
for collagenase inhibition since some batches containing a
small amount of quercetin but rich in ursolic acid (7, 8, 16,
25, 17, 26) displayed a strong inhibition of collagenase
(Fig. 5, Table 3). Similar inhibitions of elastase by ursolic
acid and collagenase by quercetin have been described
[8,20]. Nevertheless, to the best of our knowledge, thepresent work constitutes the ﬁrst report on the potential
anti-aging action of nettle extracts resulting from the in-
hibition of these extracellular matrix-degrading enzymes.
Interestingly, it was possible to obtain extracts with
both antioxidant and inhibitory properties toward elastase
and collagenase (batches 17 and 26; Table 3, Fig. 5) with
75% (v/v) EtOH at an extraction temperature of 65 C; these
extracts were rich in ursolic acid and total phenolic
compounds.
3.3.3. Comparison with commercial standards
Finally, the antioxidant and anti-aging potential of net-
tle extracts was compared to those of commercial stan-
dards of ursolic acid and quercetin. These assays conﬁrmed
that quercetin, one of the most prominent antioxidants [9],
displayed a much better antioxidant capacity than ursolic
acid. However, they also showed that the nettle extracts
exhibited a very attractive scavenging activity (Table 4). Our
HCA evidenced that quercetin was certainly not the most
prominent antioxidant present in nettle extracts but might
act with other phenolic compounds (Fig. 5). Considering
the oxidant duality of quercetin [10,11], these other
phenolic compounds may favor its antioxidant action. The
effects of ursolic acid and quercetin on elastase and colla-
genase activities were then estimated (Table 4). Ursolic acid
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Fig. 5. Hierarchical clustering analysis of the nettle extracts as a function of
their phytochemical composition, antioxidant capacity and inhibitory action
on elastase and collagenase activities.
Table 4
Antioxidant and anti-aging activities of commercial standards of ursolic
acid and quercetin.
Anti-aging Antioxidant
Elastasea Collagenasea CUPRACb FRAPb
Urtica dioica
extract
nd nd 1.56± 0.1 0.47± 0.03
Ursolic acid 75.3± 1.0 97.5± 0.3 0.49± 0.01 0.14± 0.03
Quercetin 107.6± 0.3 79.3± 0.1 4.32± 0.3 2.51± 0.2
nd: not determined.
a IC50 given in mM.
b In TEAC (Trolox C equivalent antioxidant activity), this value is relative
to the antioxidant activity given by Trolox C (1 mM).
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against collagenase activity with an IC50 of 79.3 mM, con-
ﬁrming our HCA results. These results with standards were
in good agreement with our data obtained with nettle ex-
tracts when considering that batch 1, which displayed a
collagenase inhibition of 16.23%, contained c. 29 mM of
quercetin while batch 26, which displayed an elastase in-
hibition of 24.51%, reached a concentration of c. 35 mM of
ursolic acid. Interestingly, in the in vitro tests with com-
mercial standards, these two compounds were relatively
efﬁcient at inhibiting both collagenase and elastase (Table
4). Additional experiments (data not shown) revealed a
mixed inhibition mode for ursolic acid against elastase
whereas all the other inhibitory actions described in the
present work were found non-competitive. Evidence of a
binding site for ursolic acid on elastase, responsible for its
inhibitory action, was described in [8]. Several substrates
can be used to measure elastase activity and competitive or
non-competitive inhibitionwas observed depending on the
substrate. This discrepancy was explained by the occur-
rence of 5 independent active sub-sites in the elastase
enzyme, binding to which depends on the substrate [8].
Quercetinwas found to be themost active natural ﬂavonoid
among those tested for the in vitro inhibition of collagenase
[20].
4. Conclusions
The antioxidant activity of nettle (Urtica dioica L.) ex-
tracts has been described previously and, to date, this has
been suggested as being responsible for the anti-aging
activities of nettle. Here, we conﬁrm this observation but
also provide the ﬁrst evidence of an additional mechanism
involving the inhibition of collagenase and elastase ac-
tivities. This could be ascribed to ursolic acid and quer-
cetin present in the nettle extracts. Considering the
potential side effects of quercetin, our results also
demonstrated the possibility of choosing extraction pa-
rameters to enable an efﬁcient differential extraction of
ursolic acid, quercetin and other phenolic compounds in
order to obtain extracts with a very low quercetin content.
Here, we showed that such extracts display a strong
antioxidant capacity and potential anti-aging activities
due to their inhibitory effects on elastase and collagenase,
which could be of particular interest for cosmetic appli-
cations of nettle extracts.Acknowledgments
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